Introduction
Patients with paraneoplastic neurological syndrome (PNS) usually display a subacute, aggressive evolution and many patients die a few months after the diagnosis due to the combined effects of the neurological disability and cancer progression. In the most common PNS, paraneoplastic encephalomyelitis/sensory neuropathy associated with Hu antibodies, the median survival time is 11 months and the percentage of survivors beyond three years is less than 20%. [1, 2] The information on the clinical evolution of the PNS in those patients who survive more than three years is scarce. A recent study suggests that patients who are long term survivors of a PNS associated with anti-Hu antibodies slowly progress over the years despite the cancer is cured suggesting that the immune response may become independent of the original tumor trigger and keep active for many years. [3] In line with this observation, we found that anti-Hu antibody levels remain unchanged several years after remission of the tumor. In this study, two of the 35 patients included presented with a second, different PNS months or years after the diagnosis of the first PNS. [4] In the present study, we analyzed the clinical and immunological features of a series of eight patients who developed over the years two different types of PNS to ascertain their clinical profile and draw the attention to this possibility in patients followed with a PNS.
Methods
Data from the PNS (Paraneoplastic Neurological Syndrome) EURONETWORK Database (http://www.pnseuronet.org) collected between January 2000 and December 2008 (n=979) was retrospectively reviewed [5] . Patients with a second PNS different from the first one were identified in four centers (Barcelona (n=3), Lyon (n=2), Torino (n=2), and Saint-Etienne (n=1)). Patients' sera were tested for the presence of Hu-, Ri-, CV2/CRMP5-, Yo-, Ma2-, and 4 amphiphysin-antibodies by immunohistochemistry and western blotting as previously described. [6] 
Results
Patients' characteristics at the time of the first PNS are summarized in Table 1 (detailed case reports are provided as supplemental data). The median age was 54 years (42-71 years). The first PNS episodes presented as a subacute sensory neuronopathy (n=2), a sensorimotor neuropathy (n=3), an opsoclonus-myoclonus (n=2), and a brainstem encephalitis (n=1).
Serum screening for onconeural antibodies was positive in six patients: anti-Hu (n=4), anti-CV2/CRMP5 (n=1), anti-Ri (n=1). This distribution was not different from the distribution in the 979 patients of the PNS EURONETWORK Database which contains 38.8% of anti-Hu (n=380), 6% of anti-CV2/CRMP5 (n=59), 5.1% of anti-Ri (n=50) and 28.2% (n=276) without classical onconeural antibodies [5] . Associated cancers were SCLC (n=4), carcinoid anaplastic lung tumor (n=1), prostatic adenocarcinoma (n=1), undifferentiated bronchial carcinoma (n=1), and breast cancer (n=1). After treatment of the underlying tumor in association with immunoactive drugs, the neurological condition improved in five patients and remained stable in three.
Patients' characteristics at the time of the second PNS are summarized in Table 2 . In all patients, the second PNS was different from the first one and occurred without recurrence of the first one except in patient 6 in whom a mild worsening of the sensory neuronopathy was initially observed. Among the three patients in whom the first and second PNS consisted of a neuropathy (patients 2, 3 and 6), the second PNS (lower-motor neuron disease in patients 2 and 6, gastro-intestinal pseudo-obstruction in patient 3) could not just be considered as the worsening of the initial sensory neuropathy because none of these three patients had these symptoms at first PNS and the pathological substrate of the new symptoms represented the 5 immune attack to another area of the nervous system (the spinal motorneurons or the myentheric plexuses). The median delay between the first and second PNS was 15 months . The diagnoses of the second PNS was encephalomyelitis (n=1), chorea (n=1), stiffperson syndrome (n=1), dermatomyositis (n=1), dysautonomia with gastro-intestinal pseudoobstruction (n=1), and lower motor neuron disease (n=3). In patients with CNS involvement MRI imaging and CSF studies ruled out metastatic disease. These second PNS episodes antedated a cancer relapse in four patients and a second cancer in one. In three patients, the second PNS occurred without evidence of cancer relapse despite repeated whole body PET scan imaging. Among the six patients who had an onconeural antibody, the same onconeural antibody was always found at the time of the second PNS. The titer of onconeural antibodies at both episodes was available in four patients: it remained stable (n=2) or decreased, and eventually became undetectable, before increasing again (n=2). In one patient, Hu antibodies were only detected at the time of the second PNS. Cancer was treated in all patients in whom the second PNS was associated with a cancer relapse or a second cancer. One patient (patient 6) was treated with chemotherapy even though no relapse of the SCLC was evident. Six patients received immunoactive treatments, which consisted of steroids (n=4), IVIg (n=4), cyclophosphamide (n=1), and cyclosporine (n=1). Three patients improved after treatment, two patients remained stable, and three patients experienced progression of the neurological deficit. After a median follow-up of 4.5 years after the first PNS, median survival has not been reached. Five patients are alive without relapse of the cancer, and four of these did not experience progression of the neurological symptoms. Three patients died, one from cancer relapse and two from evolution of the second PNS.
The second PNS consisted of a lower motor neuron disease in the three patients without evidence of cancer relapse. These patients had anti-Hu antibodies. In patient 6, the lower motor neuron disease first involved the lower limbs before extending to the upper limbs, 6 abdomen, and trunk. Anti-Hu antibodies became undetectable after the first PNS and reappeared at the onset of the lower motor neuron disease. CSF examination demonstrated only an elevated protein level (0.75 g/L). Treatment included chemotherapy, despite no evidence of cancer relapse, followed by steroids, IVIg, and cyclosporine. However, the patient died of respiratory insufficiency after 5 years of evolution. No necropsy was performed. In patients 2 and 7, the lower motor neuron disease was localized. In patient 2, it was limited to the upper limbs, the trunk, and the abdomen. The CSF showed mild pleiocytosis (4 lymphocytes/mm3), elevated protein level (0.6 g/L), and oligoclonal bands. After treatment with IVIg and cyclophosphamide, no progression of the lower motor neuron was observed.
The patient is alive and stable 8 years after the onset of the lower motor neuron disease without evidence of cancer relapse. The lower motor neuron disease was limited to the legs in patient 7. CSF showed only an elevated protein concentration (1.5 g/L). The patient was treated with steroids and he is alive and stable 4.5 years after the onset of the lower motor neuron disease without evidence of cancer relapse.
Discussion
The simultaneous involvement of different areas of the nervous system by the paraneoplastic process is not unusual and the term paraneoplastic encephalomyelitis (PEM) was introduced to define this syndrome that usually occurs in the setting of anti-Hu antibodies and lung cancer. [1] PEM is reported in 11% of patients with PNS. [1] In contrast the simultaneous occurrence of two different, classical PNS, are less frequent. Well known examples are the coincidence of paraneoplastic cerebellar degeneration and Lambert-Eaton myasthenic syndrome associated with antibodies to calcium channels and lung cancer or the simultaneous development of sensory neuronopathy and gastrointestinal pseudoobstruction in patients with lung cancer and anti-Hu antibodies. [1, 7] The delayed onset of a second PNS seems to be much rarer since we identified only 8 cases with this condition (0.8%) among the 979 patients of the PNS EURONETWORK database and found only one similar case in the literature. [8] Anti-Hu was the most commonly found onconeural antibody in patients with delayed onset of a second PNS. Although the second PNS was different from the first in all cases, the antibody repertoire did not change between the two episodes. In fact, in two patients (patients 1 and 3) , the second PNS could be considered to be a different manifestation of the clinical syndrome usually associated with the underlying antibody. Indeed, polyneuropathy and chorea are two typical manifestations of the anti-CV2/CRMP5 syndrome, [2, 9, 10] and sensory neuronopathy and gastro-intestinal pseudo-obstruction are two typical manifestations of the anti-Hu syndrome. [1] In 5 patients (62.5%), the second PNS was clearly associated with relapse of the initial cancer or of a second cancer suggesting that cancer triggered the immune reaction responsible of the second PNS. However, in three cases, no cancer relapse was observed. Surprisingly, all this three patients had anti-Hu antibodies and similar lower motor neuron disease. About 15% to 20% of patients with anti-Hu syndrome show evidence of lower motor neuron involvement, but it is rarely the only manifestation. [1, 11, 12] Because of the particular features of the lower motor neuron disease in these three patients, it is very unlikely that it corresponded to a degenerative motor neuron disease. [13] It rather suggests that the immune response had become independent of the cancer. Spontaneous complete remissions have been observed in patients with SCLC and anti-Hu antibodies; thus, an alternative hypothesis would be that a cancer relapse was not found because of effective anti-tumor immunity. [14] Whatever, this similar lower motor neuron syndrome in patients without tumor relapse suggests a common mechanism of immunization against motoneurons probably specific of Hu patients.
Finally, the last interesting characteristic of these patients was their prolonged survival.
Median survival in the five patients with anti-Hu antibodies was not reached at five years.
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This result contrasts dramatically with the usual median survival reported in anti-Hu patients (11.8 to 18 months). [1, 2] This suggests that in patients who develop a second PNS, the immune response is more aggressive but at the same time more effective in eradicating the cancer. 
